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Abstract of JP20021 33409 

PROBLEM TO BE SOLVED: To provide a 
method for independently controlling 
enhancement to be applied to details, large 
edges and noisy areas. SOLUTION: The method 
for enhancing a color digital image comprises first 
specifying local points or their vicinities of pixels, 
including an object pixel and then using a color 
value for one or more pixels at the local point or 
its vicinity for calculating the weighting factor for 
the object pixel. A space filter is applied to values 
fo the pixels at the local points or their vicinities 
for calculating first and second signal values for 
the object pixel. A color weighting factor is used 
for correcting either the first or second value, and 
the enhanced pixel value is generated for the 
object pixel with the combination of the first and 
second values. This process is repeated for other 
pixels for the color digital image. 
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fC> [Hljfi{i-^aCx,v)»> aliRa^tC--iT'X^?Jl'-X7''; 
^-5 0Ccj:-p-cm;t»sn-c<i:< . i^tcH 4 «:^-r»ii 
fb:/pH2-^-y-2 OcDffeJciDff-Slfeiit^OlHliiJjneSS 

[0 0 3 8 ] ^t'T.^ ^um-^^^is 1 0 0 ». iSlKf'i^ 40 
if JUiB^ 5^ + > 4^ ;l' n (X , V) i f- ^ X 5^ - fi-^nt , , (x , 

■^7=^X^;Ht-^n„^ Cx.y)*^-r^.. 
[0039] 
[^9] 

^'x,;'^ = n(x,y) - nut (x.y) 
5 0*>6tii;^J$n-5. 50 
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[004 0] ^•rX^;U-X7"'; i?-5 0©ffetci ^3 

l/< «M;i/cilig^x:/i; ^j-Q 4 (c<fc-:>-r. 

-C0.9fi?-feJl'ili'5fii«. l024Xi536fc:i'-fe;H^>fX 
®-C*-5, ^S[l^x::^»; if-9 4». ^^f-^x^ ^ JWd? 

[0 04 1 ] C:0/c/t*jii«fMa*56f#fcm#n,,Cx,v) 

[0 042] 
[^10] 

nhp(x,yj = n(x,y) - n^x,y) 

■..d(x,y)i Lt:. ^■r'X^;!' • X7"y :Jf-*^6ai;^S 

ni„Cx,y)ilD^fCS^§nSo cnw. aCx,v) = 1.0i 
^ffi-e*^. ) „ incite. ■f-i?X5^-i'-fi-^n,.,Cx,y) 
«. iS«?ajfifi-^n, , Cx,v) ipi^icaftses 

[0 04 3] c(Dmct'on^mnmmx$}^^r':^dt 

jb7 ^ Ji' i? y > ^^«iS«riasWK:||?f L> fl5«ii3aft# 

gjissffj.^^Sffl-r Ln 4 *^ 6 ai;^ 5 n ^ 7^ 

>>^;Hii^©iiiM«. itfS Ut,^||JfeJf$-®©-^7'xa?Ji'- 
X 7* y $ - 5 0 'SrSffl-r ^ttfi^mmm 4 *:> 6 tH:^7 3 

n/cf'i^^;Uilifl^©ilMJ; 0 'fi^^*. 
[ 0 0 4 4 ] s^^-e*n«. y=i^^jim{^^^y^}i' 

^*eS-r ■5fcJ6©|IKWtc-^it$ti€. 2 o©{t#?:^^ 

■r -sfcjsbK:^ snr < ©a©iaffi3is*)S c i ^ 

^0a^ftetci«3ff^li)!ii^©?j{:??«, 7'V'5'}vm^^ 

+ >^oU?:^t-^/c&©^KWOC^tt$n^ 2 -:>©« 



(8) 



13 



[ 0 0 4 5 ] 0 6 ^»m-r^i>c^ ^mm^^^m i o 4 

> h ) m-^^*s£-r-SIWi^t4n^i2it#S 1 0 6 cc 
:G:)?lSl-CI^ST-5fi7-fe;ui®P^(DMtla]««:. ti'-fe* 
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#-r-s*>oT*^„ lf:^is]t4— cn62o© 

[0 046] 

[^11] 



ndq(x,v)©fii«, ^©tST-^'^Ti? HljgM^T7"'J 
[0 0 4 7 ] 06^#MT-5)fC. C©-7 f>i7'«> 



[0 048] 



^(fi]1tll*^ieff-^ndq(x,v)=lr. J: ^ Kf^fi£3nfc$« [8St 1 2 ] 

y>Co )5x-:) y<C^ [zJtL-C. 

av(y) = (1/2) (1 + COS(7t(y-Co)/(Cj-Co)) 

y ^ Co l=3k*LT. av6'; = 1 

z^t?. Co t c, tt, -^fii 



IeH-C*€.o i!7*Ll.iCo ©ffl«996-C*> 

MM^^«fiS-r ^ft#:^S»'X©2^-c^ $ n ^ . 

[0 049] 
[^13] 

y >= Co Axo y <= Cj fcSJUTT. 
ovr^; = l-sqrt((y-Co)/(Cj-Co)) 
y<Co fcSJLT. av(y) = 1 



y > c^ 



av(yj = 0 



S7«> M8^ai/(v)©7"P-;' h^ai^TTJ^To 
[0 05 0] »SL.l^*6S0!lf«. C, (Dimt. iSO:^ 

•So Co ©{ii«. ii'^y^-y^)V^--<Diyif-?<D dfiSiB 
ft©) ;*:*3©¥73icjgi:bM-r^„ J7*L/<«< Go © 
ffi*. ;>:©M<^fs^S3n^©*5j:c^. C. =6804/ 
(siqmaxsigna) Co tt^>:©^(CJ: oTC , tCM 

jl#W6n-5>. Co =0.127C, -18 

r HilMW-^a(x,v)«. T-^y r P VMM 



30 



40 



^I^iJ t4^12«^ ndq Cx , V) ififfl -r ^. C <!: (C J: ^ 3 
[0 05 1 ] 

mi 4] 

a(x,y) = av( ndg(x.y) ) 
^•f^-zT)}, (LUT) iu-rafejaisftfjicntf^n 

•5.0 

[0 052] ll)g(t-^aCx,v)*!S[ar' ^ ^l'^ 'J ^^'SttS 

ti/cMtSift-^©— ^-c^a c i c i 

[0 0 5 3 ] 

[ifel 5] 

c(3c,3;; = ZIjd(x-i,y-j)g(iJ) 



CCV. dCx-i ,y-1)©ffitt, Cx,v)#@©fd?42;U?:H 
{ji(cte#-a-f xiv55^6iiS:L//cf'i^:S';l'7 ^ ;l/dz-©<?^ 

50 m^^m-o, mmm^<Dmmmiit. -^x^ic^-^-c^^h 
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[0054] 
[^16] 

c(x,y) = h(x.y)d(x,y) 
ft#a(x,y)». ^7 ^ ;l/df y >d^Ma54T./c>'>'-i^ a 

[0055] 'fv^)\m^^<mm-^^'C!Sb 

-'U^^-^^qd .i)*5{igxiy3&^6!fci:L/-Cl^i^Cl^i t 
Ci (x,v)©^§rWi^3fi^liHF«9©fi?-fe>>l/fiidCx, 

t/^o HfC, 3onh-Sen LeeiCj;^^ IEEE Transactions on 

Pattern Analysis and Machine Intel! iqence, Vol . PA 30 
Mr-2, No2 (1980^3^) iC^I^^ tlfcWC "mqital Im 
aqe Enhancementand ^k^ise Filtering by use of Local 
Statistics" (Cfcti-Cgiigsn/ci^i^v^ 

imf^-y ■<}\'^-<o-m-c»i^, c<ommumm 
©^iL/TSJHjsn^ fieo-c. F iR^-^jb^?- (im 
y -ijvu-itmmic. ■?-®^36SfitiBcx,y){c«s??br 

ni999^11^8HCCttiIS3<a/£:^llct3©#fFtiiMS^UT 40 
-'l'#-^09/457,036©^B^©€f'W "Ad.iustinq the Cont 
rast of a Diqitallmaqe with an Adaptive Recursive 
Filter" ■V$)^mm.'Cit. 7 ^ ;U:$?-^^*5(x,y)©ja 

m(Dmmi^- ^■^Mmcikwormtt ^ mstMmm y ■< 

;U>Sr ■xf';^ ^ ;l/{t-^n. . d Cx , y) i ;^ 5^ + -(f-^n 

, . t cx , V) i fc^S!i-r-< < i¥mB y -< )\''?--^mm-rhm 

--^-rx^f^u • y.v'^) ~j if— -c». T'i^^?ji'iii^5=- + >4'- 
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y.^)\^9k^^^ 1». 7'i>i?-'l'il^9'-i'>^^-'l'n(x,y)Ai 

h^fy^^ -im-^Hp . d cx , y) ^ . r >^ if j\ymB.^ + > ^ 

;l,'s.©#^^07 ^;Ui?-©^ffl(Ccfcor. it»-r^. -r- 
f >^5^f-«-^n..,Cx.y)»^©fI. S^©J:51C. »n 
#S 5 3 (C^r X if JUft-^n^. d (x ,y)©-7^ i n> 

ifjmif^g^-f *a-r Cite cfco-c. ti-@3ti 

^n,.tCx,v)^^ST^. 
[0 05 6] 
[1^1 7] 

Wfirf (x.y) = n(x,3i^ - "ped (^y) 

C©J;5K, ■^f'Xif;!' • ;^:7'y if — 5 0 B«. -^t^ 
X if ;Uft-^rv . d (x.y) i f- i' X 5^ f -ft-^n, . t Cx ,y) <b * 

^•ti>. '^f';^if>'i'{i^n..dCx,v)if-i':^5^ + -fi 

#nt.tCx,v)«. ■^f*;^if-il/ • ii-5 0 B*>6 

[0 05 7] Aicms^mm-r^iic^ ^Tj^^n/c^-rx 

t>fc^mm^titc-mL < «^njy±©iii«!tttt(c« 

ai;>-) (csicc;-r-s#$ftft7 ;i'if-T^i'=f yxA-c* 
^. 7 ;uif 'J>^^^!2laT;^d■y XA», ■r'i^if-'i'iij^ 
5^ + ^UW^HfYtS n?^:M«^CjgS^I^miKitffi«:?t•r 
itO. *©^x-ir-;HbSnfch->X'5— 
T f'v' if ^mi^ ^^y^)i<Dx.y i?©^M* w^^-r s 

ffW^c h ->X-5r-;l'*!M©iES8^cX-!r-;HfcSi>^8l 

W> «B^{t3n/ct,^-rn©^^{cfcl:f^gc§t<ii:<)^6r'<b 

h->Xir-;l.^^/M^r-7-:- f>i^br> 5Sll3$n 
/c* ^b* i/H2Jl/ffi<&^S£-r C i i&^tp. '^■rx if;Ki^ 
iES6 0©J:Oi¥ffl(C-otirti. CC-C#MK:j;-,r:*: 

fcf^W'f'CTRffllfl^ttiBii^ y T-'L'#-^09/324,239©A. 
C. GallaqherK;J:-5|SI|^©:SI^*i "A Method for Enhan 
cinq the Edge Contrast of a Digital Image" "C^i) 

[0 058 ] •-<7^X if >>K)iiES 6 0 ^o^^©^- K 
•csiffanr J:0Ai*fi«j-Ccfc«3I^MBJc«> ^8© 

iEge o«. SfSb< ttmi©^:- F-cA;':;fi7-fe;Mil 
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S6 0?:Sltf-r-2>l^2(D*-FtCfclir. -S^J^iJC^pf-r 

sec. iEMbsnfc h->;^-!r-;P^2ia^A:'j2 20 

mU fcUV T^l'S-^09/324,239?r#M3*lfct>o cn6 
©f^#*-F». j[f * LC^HJfefiai (fPfe, la8©S^l<D 

[0 05 9] MK:08*#M-r-S.fC. i]^©^!©*- 

iDi^miEme 0 ©»* i:bf5wi«i^«?#s 

iB« 5^ I' > * H«{c«tf{^-r -5 c i ^ 6 c i * 

V > Fr>©1?-'f XCC#|®W^clJS^W-r-5fc'6^„ BP 40 
. 5X 5© -i; F "i? 1024X 1536©ft?»a(C*f L 

©iii«-fe>if©5StJ^-rn«> a^WK». j:d:*^*^c'? 

> F'?lJ-'CX75^lt^3n^/c6^ L/> J:i3lS^a©ffi 

[ 0 0 6 0 ] 09^#M-r-stc, 7='i;'^ji'ia^5^ + >:?^ 
;i/©f'v^^r;u^si-c$)^,§A:^4i*t:i'-feJH 1 o©fii 
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1 1 Acomhrnmiccmmunm^^mi 1 e^mMr 

•S. ^^^^1 1 2RO^'A;'3b-i7-fe;H 1 0«, f^i^^? 
;i'Him9' i- >*^V'©^WM^*«fi£f *o * l>i>*iffe 
If9-C«. ■&A:tib-i'-fe;H l 0 tio^<Dmmmmt. A 

Jfe«a|-c«. ^a*i5ffl©fi'-fe;i'-cab^.iE 

:?^ff^©fii5^-c^)^o H9», Ut^^^H-c^sn 
-^^Bf^^^r^To «WMi^l 1 2|^tc^S*a4f:?-fe 
>iH 1 4». «§TiKitfiit?l«^ 1 1 6(ca3nA:A;'Jf 
i'42;H 1 0*Ht?24ffl©f^H2;l'<!:L-rfl^3n^ OW 

* Wr S t* i7 -fe f^p^ ^ C i ?:^i^-r ^ ^ ^ o 
[0 06 1 ] HSCCfcliT. ^^^ydf^DV 1 1 0©<it 
^if^ftfii-^S 1 1 6 i X<5r^ u > i^M^^fii 

SI 2o<bK:A:ti3n«.. HK. mmmn<o\^i^-^)\^ 

1 1 4©fii»> ^^MJ^©iKttft«Ji^?riRSS-r'<<, ^ 

ff^i+ffi^i^s 1 1 6 icKts^nh. 7.^-'} lyimm. 

mtS^l 1 8»> SAl^fi'HzJH 1 0©fiiu*iE^ifb 

M^*fflSl 2 0tcaffl3n2.X^r-u>^B3^s(x)* 

v>ifm^^jjmi2 2icj:^xi>mmsi^^o m© 

tpmm I tt-&©f^. F->X>7— ;l/T7*';'b--:5?124 
(Cififfl^n. F->X^-;l'T7'";^-:S? 1 2 4«. H 
2©tt3|fflfiil,?r^-r-^< F-^X^r-^HWI^^RfeS 

1 2 6KJ;or»«?tiS V-:yy^ir-)imWl^MLt 

2 4*>6©ai:^*pa{a I i B^©f*, j£M^T7"'; ^- 

ifl2 8{C®ffl3n. il!rei^r^';^--af 1 2 8». il! 

[0 06 2] J: ^^iKtHi^^S 1 1 6 

^^^11^1 1 2 iA;^f^-feJVl lOifc^^n?) 

mM-c\t. mmmnm^s 1 1 e 2 •oo^Hff^it 

fit. Bp-^»^lil 1 2iA^fi'-fe;H 1 Oi*>e.S 

:^ift/h©fi7-fe;Ka;|:^^-r-5.o f^^W^C. «^^lt 
ffii^^m 16 it, nfl©«Afi'-fe;Ha©¥l^<!:m(i© 

^^1 1 2K:^$ti-5)fi'-fe;l'©|^J:0 4>5*tt^/h3t^ 

mm.xh'o, m^\t. n=tn=3-c*-5>o t*-cai'<6ns 

[0063] ^fffetl-fii^^eS 1 1 6 tcj; oT^Sn 



(11) 

[0 064] 
[^18] 

=(n)r 

C C T\ X tt^BfM^ 1 1 2 J&> <=> (DMA f ^MB^m. 10 

i L-Cffiffl^nr J:t,»<J: ^1 ^^:t^3^b•^-^r;K0fil?^#iE•r 
SC<b^c*)^>, i**L/U||JS«?!|-C». C<Df-->;^^r- 
^mmt. ;l/-:»i'T-;/7*7— r/Jl/ (LUT) iUTiiffl 

W. 01 OK:^^J:^ic. A;t>fil©Er^ [N X] 
ra [0 1] iclEMit (BPfe, ffiSI) -r-SCi-c&S. 
[0 06 5 ] |gl«©:^i4-c. jMx u > ^M^tit^S 20 

[0066] 
[IS1 9] 

s-'(M)=«(;sr-AO+A^ 
otP'^mfbtitcmtim^m.m en x] t^ji^fcx-jr-;!/ 

c;<t*5t:-^-2.. 30 
[0067] A:^fi'H2;l/ 1 1 0 ©ffi». cf P4«l I = s 

(u)5:^T'^< ;^^r-i;>y|ig^fiisi 2 Otcffi? 

ffiItt*(Df^. h->;^^r-;l'T::^V^r-^f 1 2 4fCfl 
h->;^^r-;l.T7"U^-3r 1 2 4C»@W». 
1 1 2 =?:mmiC U-CXt) -feJH 10 ©ffl© 

,»l'T7"y^r-^? 1 2 4«, *r^ffil *<ijE-r-5CiKJ: 

';^r-:S? 1 24W. h->;^->--;UMI^l 3 0 (BP^. 

^. 

I , = f ( I ) 

CC-C^ I ,wm2©tt>raffl-C«)«3. fCx)« 

-Ji/M^-c* 0 . I tix<>-- > i^l^^fllg 12 0*^ 

[0 0 6 8 ] h->X^r-;l'Bai|5(f(x)». h->;^-Jr- 
^l-Ml^^l 2 6{cJ;-3r^R!t$tlS= iiflSLl'JISS 50 
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m-Cit. h->>^^'--;UM^f(x)W> iyi^^^ V (sicfn 
old) MSJt-r^O. ;^'t;xSlit^:»liiM^^S^3--r€.c 

[0069 ] 
(1^2 0] 

1 



;i'©i^5:ft#f ^ c i cfc -cmtu 3 n . 
[007 0] 
[1^2 1 ] 

J2 



exp 



2] exp 



[0 07 1 ] x=0.5TSc«i>^n/ch->;^ir-;l.Ml^f 
(x)©4^iBtt. ;X©W^fc J: o $ n -5 c i {eft 

[0 0 7 2 ] 
[11(2 2] 

I 

CCt?. r». x=o.5-C*«>6nfcS^i^*-r FMifc©^ 
;<7'5XSlii*MI^©«i|Hg^r*So r>i.o© 

r = 2.iRiyfa = o.i9-C*-5. iff 3; L/(-^*Jfe0i 

T'«, h->xi^-;L'P^f(x)«. ^BiT^itffi^i^S 1 
1 6/{)^e.fcB;'j3ti/c«BifW!Kftfii*^6!*iL0Tt^^© 

[0 0 7 3 ] a 1 OTit. h->X^-;VMm©^«tt 
t^m^ti. h->x^r-;b^^l 3 0 i 
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j2:c»ii^©|IB|^*Sh->X^r-;l,T:/'J'5r-^r 12 4© 
[0 0 7 4] \-->Pf,^~)l'Ty'Vir-^ 1 2 A^^htii 

m^im 1 2 2 *^ e. tii;^ s n/ca^x - y > ^'mm 

-'Cx)«. a!;^^r-i;>i7'M^T:7"U^-3? i 2 Steffi 
sns. jS»;^ir-u>yM^T7*uer-^sr 1 2 8©ae<] 

m-r^ct'c$)^.m:^^'-'j>-s''mWLry'jir-'^\ lo 

*^a&.5 C i fc J: o T^-r 4, 

u' =s-UlO 

u =s-'Cf{sCu)}) 

->;^>r-;bK^?raL, u»A:^fi'H2;n 1 0©fii 

[0 07 5] — ISWtCB. i?;l/«EiES6 0 *>?>© 

^.;l/©^-C©fi'42;KC>pfO-C^0jl3n-5. Cti6© 

1- > * JU©g|5:9-*-^© f^-feJl'^c^tL/r^Oil^n 
^i'>^>;l'©gl5^5-fC>ttLr©Mffi$n/cil^.^ 

— )iaa«3tc». :4^T^^^•JXA©>'^•7y-^^ 

[0 0 7 6 ] •^f';^*Jl'<giES6 0«. 2-5©/^■5^- 

IS[©^3i2tCj;-ot:iiB^2n-5.) t?*>S<, TJb^UXA 
{a|^«1024Xi536©'f + - (imager) tC^fLT? 

iSfl^li, "-^-Y > h -J"^^ —-tlyf^— ( pai nt-by-numbe 
r) " T-g^:7T h^&W0*^«>-2>. Mtc, i^^tafj^ 50 
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> F iii«OA#^j:^S^I?©fll©J^ -y i>©c^-rn 
©fflij-r- 4> f - i7 X + - ^rffiffif -S Mi^ic* ^ . ^c-tf J^c 
6« WcKmtm.'hm\t.. iu'i>©jgMffliJr'SG^M[^cc 
*S3!pf>-C*-5o C:©^«« •^'f>F'^?lJ--fX*J:b^ 

n<J:'3^i>^ctik*^-fe;i'©'^-r> F-^if -fXtt. 1024x15 

36©«^ffiic*fo-cAMe<3^c^ffK:*5t^-r?S£-r^)fe* 

€rSfe^-r-5©«:-JiSft«J«:i^*Ul^<!:mUi3n/t. i^© 
fte©iS^^d:'f -Y> F'5-9-'fX». ffe©ili^)l?^ 
stc>ft L/ T 4>BSi^#*D-rL/ -ciggifl^ocjsiiS 3 n-r ^> J: 

> F'?©»ia{b©^»*ms-i< iiJUnStiJ^c 
[007 7] c c-rt^iM^n/c-^'Tx ii;i/<iiiEm. M 

^®gS1-W!|#ttK:Ser>rnt3:*fi7-feJl/©(ii?:tlJfflIT^ <b 

39!i»*W-r5o i-:'i^©S^«. A;^;!!!^ 

<J;f3 4>i*c^®ffl©fi'-fe-il'«:t>/c-7-C^D-SC tfc^i: 

Scicc^cS, MK. F->x^-;J/^©ai:^». fai 

^sn^iKftW^tttcjc-j-r^ftiEsns©-::. 

^-CCi' X f A e^J^C :^ < - * - F ■?>T > 5^ ^ - 
[0 0 7 8 ] *^Be(C<fc€)7-i7X^i'-<5iES7 0©» 

m^mi 1 rs-sc <h*sr#6. ^e7X5^i.-<ftiES7 
o». ft>it}im^^-*-y^}i'n(x,\-). f-^x^-^—m 

5^-i'>4'-;l'<|n(x,y). inCx,y)?:A:^f-5>. 7-^x5^ + 
.x.(x.y)-C&-S, r-i7X9--^-miEm7 0<DBmt. M 

mmma y^x:tt (snr) ©JiSffii. qmcx.y). m 

(x,y)tc J; -0 -C^i^^ tl'S J: -5 jSt^b't:*/ ^-©Ji^ffii 
{craa-r -S 7 T ^ - tc J: «3 X 5^ + -«-^?r*i^-r 

^c:<tr$>€>„ 

[0 0 7 9 ]t^o-C. ^BiT^^-^^^b^^cl^i^ 
S N R ^ WT •& f'i^ -'I'lB^?- 1- > 4-^ JU©^^ <b — ScT 

©{st^ s N Rmmtm'Mm-} ^in^r-^x^?-^ -ft -^© 
Jn^-c^ < ©m©e:5ttcjBa i^/c^is©$S:^r*^. c 
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[0 0 8 0 ] fe©^^^]^-r^t, 7-^5'X9^f-fB-^ 

[0 08 1 } cntCMUT. T^'JiDVm^f-i'ly^Jl'r) 
Cx.v). T-i';^g'-i'-fi^nt„ Cx,v). SO'iSS-^-^Xf- 

f -fe ;wc#^ 3 n-s if^ b '^ji'^^i^-r s fc 
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6 0©tH:^)tt, iB-^SNRCx,y)(Ccfc-3-ra^Sn 

RO— Lj&^l. snrw. f'-:;^';!'® 
1' > * f -fe ^i/fiMtDgU^*^© ^ ^c>ft b -c it 
@$nSC<!:4>pJ«|-C*4. ffiB^SNRJt^Sl 6 0 

[0 0 8 2 ] SBfSNRfi^Sl 6 0CDtH:^«. SNR 

>^^^1 3 4(Cjl3n?). SNR'y-^>^Sl 

10 3 4«. «BffSNRofii^<i*55ffl6n-rc^^»^, s# 

5<D7"D-:; hil.-C^$n2.LUT©J: 

L/l>Jlife0IIt?». C©LUT». #sitifln^So L 
UTm;'7 (y-f^) LUTA;tJ (SNR©Ji^fii) 

[0 08 3 ] 0 1 5^C^r:Sn^LUTK:^-rS^C»> -X 

20 [0 0 8 4 ] 
[^2 3 ] 



B(x,y) = Sfmin 

B(x.y) = Sfnrin+Csftnax-Sfn 



for SNR(x,y) <SNR^n 
„)(5'JW?('x.y;-SNR„,in)/(SNIUax-SNR„ 



for SNRn,in<SWR('x,y;<SNR„ 



CCr. s f maxtts f m1nW±-C*«3 , SNRmaxiiS 
NRminfetir^e, if * L l^SlifeW-Cti, s fmaxl*3. 
5> s finin«2.0. S N Rtnax(i2 .0> S NRm1n»0.4-C 

[0 08 5 ] MtC, i^P 5:^>X5'-i'>^Ol/c|nCx,v)>il 
i(x,y)t3:. t)'7-^'-<:ym.'mm\ 3bV:Kt>^Ui>. iJ 
^— 5rV>^^l 3 5». d'D3:^>;^9^■^.>4i;^c;m 
Cx,y),m(x,y)i> P 5 :^>;^*^-^M©Ji5£3n 
fc * ^ - ^^Ai 6©{4M(x,v)©iailtifcj:o-C«^$ 

nsj:^^c©0f;<7 7-tcffi#ur. T^^x^^i'-ft^© 

#<iiS(x, v)-caiffl-r Sffl^ ©*t?^© U-<>»1' BcCx ,y)*^ 
(Dtp^H-^-bJll 1 0) Ai^it^Sn-SCiAS-CgS 

HI 3 5«> fiic|itiCx,y)^in(x,v)tC2;X7C©LUT?:ja 
m-ri>CtiCj:^X. if?S{ilBcCx,y)^mill-r. ScCx.y) 

©— flae^j^cffiiti. oj&>e5.os-r©ffiHi^T&s. lut 

itnmi'cmitt^z o©a:^^^©m^-c*>s-<^t-* 

iNi1tf^l^^i#044l558Bl "Improvement Relating to Con 
trol Data Arrays" (ClBiSSn. CCC^MKJ: Oig-^ 



for SNR(x,y) > SNR^^ 

y>r>^nssi 3 5 

I*. 1. 2> SL.< W3<l©^^©M^-C$,^/-c5'5 

i^;x7cLUT<i:i.-caffl3nT4>j;c^, fmmmm 

iL-T. ;^^-y-r>S^Sl 3 5«:A:^j3nS)t;^- 
»K/^'D5:^>:^^>>'^'-^ 1 o*i^a:^3 
tifc ^5'P5-^>;^?■•^'>^^J^<!: |5|— t? & ^ Smttj:l> „ 
m«> ^> ^. S:i>'Wfe©/7 5-?- + >^>;l/«> 
-y'f>^^Sl 3 5(cA:t»3n^-5*^, iii-v-fe*>^ 

Ri>*MS5^l'>^-^l'*S, ig^>7P5:^>X3>/^•-^^ 

40 1 0*iP.ai;'3 3*a-S= ^*^-c&ntf, :*;^-y'C>i* 
^Sl 3 5'^©:<7^-5^ + >*^l'©A;^J(C^tf LTM:*? 

fl^©i^**5a;?Sc$nrj:< , jfSbi^^ 

S6{?ll©iJiBJ*^6«^«WfCi#m3ia^cC^C itt. 
[0 0 8 6 ] J(f*Lt^llSSMr». 

1 3 5«, i-p 5:^>X9'i'>^^J^qmCx,y)o^^Cx,v)0C 



(14) 



25 

[0 08 7 ] 
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[0 0 8 9 ] 
Cf^2 6] 

r-26' 



^0 = 



2000 
400 



400 
550 



L '^^0 



10 



[0 090] 
[IS2 7] 

-50 



[008 8] 
[^2 5] 

2 

r 



200 



400 
20 



20 ■ 
1000 



[0 0 9 1 ] 
[1^2 8] 

'"153 



20 



m^icni^xm^(o^wm: m^u. ^. fi« m) * 

Mtt. feS.OV3?.»-l'^-i^>i'>^-> (imaqing ch 

ain) ^i*©*rm^«:«iScS-r^. WSLl^JIJS^r * 

p 

3^) = + 2 f^i ^^P 

[0094] 
[^30] 



69 



atX A:, 



^fsoo 
"L 0 



0 

600 



[0 0 9 2 ] t^-oT, :^^-y'('>9i^Sl 3 5tt> 

[0093] 
[1^2 9] 



1 



) 



^aai (w-m, 



i ©i>' + -7'*>?.cDj!f$Lt,ii:b-C*.2>. J;D/h3t^ 

;^c$n-SfeM^@ (^) oJ^K>-K^i^Hi ©fii^W 
■r€>j:5K:M*n€>o iff * Lti||fe«?!l-C«. Mo . Ml 

mfuz ». -en-eti-o.s, -0.7, SLC^'o.esr**. §e 

40 < «*^-y-<>7 T i7if--C&2.<BBd*. i^0.33&ie> 
*^|1.65S -C'©ffiHl^-C*-5. 

[0 0 9 5 ] — «e«jK:». 3 5 

», LUT t LT^tfSn-So 015B«> T&^/i^^LU 
T©— ^^r^To C©LUT©m:^W. 2ffiiJi±©(fi^ 

«:J:l3ife-&3-&-5. 1*1985^2^ 19B{Cf6tf$n/c 
50 ^M^^Wa,500,S19^ "Color Reproduction Systen" 
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[0 0 9 6] ij'y-if-om^^ldbia. CCCU. 

^ - -'i'iii«cc>tt(t;-r -5 f a 5 :^ > >^ 5^ + > 
>x5=-i'>^;Uc?nCx,v),m(x,v)(cj;o-r^2n'5j; ^ lo 

•5fCiBiSSnT#fc/55. {i^?(Dii^U-<;l/BcCx,y)li, 

n't;rt(x.y) = ntct(x,y) * A>';+B, 



(15) #112 0 0 2- 1 3340 9 
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[0 09 7] SNR^rV>^Sl 3 4{Cj;-:>Ta:^3 
nfcSNRy-f >7t i'iJ?-B(x.v)<!:, *^-y-<>9i 

Cx.y)i. ■f-i7;^g^ + -m-^nt«tCx,y)t«. ^<D^k7"!7 

1 3 ecDSWW. MaL/A:y-^>tcJ:Df-^X 

5^+-«-^nt..(x,y)©&ffl?:fgit-r^C<t-CabS. f 

;i6n€)?SPi7^i':^5^ + -«#n .xtCx,y)'C*S, 
[0 09 8] 

[ia3 1 ] 



] 



cc-c. Bull*. m.'hmm.y r i> *i-^m.r^W(X\ [^3 3] 

y) « . ? /cfeMii© £b ^ -s©Mi^ t^x'om.^.^n 

[ 0 0 9 9 ] . T-^;^?^--^-!!-^ <^L 

y-f >7 r d'^f-AJSNRy-f >7t i7i?-B(x,y)<t^t 30 

3n/cC©^7-i'X5=-i'-'»#n' t,.Cx,y)«> ^© 

ji*fem«^K:«. aiUnstSB 1) (castii. 

[0 10 0] 
[1^3 2] 

(B(x.y)-B„)*Bc(x.y)+B„ < 1 



[0102] 

iB(x,y)-B„yB^x,y}+B, 



<1.0 



[0 10 1] 



Mf - i' X 5^ + — M-^© A 40 



[ 0 1 0 3 ] ^^S N RfiSH 1 6 0 ©i$lffl^c:/n 
y-CTy^AA^H 1 2K7j^3n^/c-S"5. T'i^i^-'Uilii^ 
^^:y^)VnixM. i-rS^^tfe=J>f^-$f 1 7 0 
f,CXtl^ini>. S§T:9•t5^^>t•;x-:S^ 1 7 0©Sm. 

Ti'T-^ f7--<©^^}i^<ii^^f#-r€>c:<i:-c*^. W 

i^h<.>mMmv\t. ^^^tfen>t'a-^r 1 7 0«. 7 
f i' ■fe;l' X 7t: •fe-'l'©'^; > F •^•9- XtCto/c *) 

^Wlok ' cx,y)^w-#-r^A^. ftetcif) ^^t^-rx© 

[0104] ffi©-fe -^^ h©^3T:^t5(©it»». 

[0105] 
[^3 5] 



ctr C^.^') = Y.^(x+i,y+jf /49 - (i:p(JC+i, ;y+/)/49)^ 



cc-c. i t j \tmc. ^mtoK ' cx,v)©maitc^ 

< *n.5:^^-C49(l©t*i'-fe-»l'{C>pfL-C. -3*i6+3*r 

©IbH (3j^O'+3^$tj') r-*>-S„ i >'t?©^iJ[©H- 

iH«®Il©:9'if r'^ft]©fi?Sf5-c*^ 5 ^- 'J > y 
^'j^mtti>. ^fT^3'tfc3>f^-^? 1 7 0©tH;^». 



SO 



[0 1 0 6 ] jii»si 7 2«. 

nCx,y)i 7^ ^ >^ -I- -ft ^n^. t (x,y)©7J?:?^^A;t|-r 
-So i^Sl 7 2©ai;'3»> '^•rXi?;Uft-^n„.,(x,y) 
■C&-5>„ i^^Sl7 2tt. ^X©<&^tCfitoT, r'iJ^JJJU 
>*Jl/n(x,y)3{r>e>'f-i'X5^-i'-ft#iV.. Cx.y) 



(16) 

29 

[0107] 
[»36] 

nped(x.y) = n(3:,>i) - necr^r,;/; 

/<£ it ^ S n *5 -S /c W * ^ . 
[0 1 0 8 ] -^-fX7=--:/>'l'6 (!;'^7^;^^?;Ht#n 10 
..d(x,v)«. ^SJ^-rX^^Sl 9 0tcA:ti$ns. ^ 

[0109] <r--7';i/> 
[0110] 

[an 20 



i|tga2 0 0 2- 1 33 40 9 
30 

-C^>J:t,». C©t*. mijijli. 9agi?:aL/> ^2?"] 

fx^in^m ^ n -5 y -f x©?i<iM?i<sM^a-r „ c 

iWS5^i'>4'--'l'nCx,v)<D^SL"<Jl'i tC>Pf-r-Sy-Y 

[0111] 
[Sfe37] 



I 




0 


11^ 


100 


11.5 


450 


11.9 


550 


12.0 


650 


12.1 


750 


12.2 


850 


12.3 


950 


12.4 


1050 


12.3 


U50 


12.3 


1250 


123 


1350 


1^4 


1450 


12.4 


1550 


12.2 


1650 


11.9 


1750 


11.5 


1850 


11.4 


1950 


11.6 


2050 


12.1 


2150 


12.8 


22S0 


13.8 


2350 


15.0 


2450 


16.4 


2550 


17.9 


2650 


19,9 



30 



40 
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CT«(i) = sqrt((a,(i)*rcoef)^ + (<Tg(i)*gcoef)^ + (ob(i)*bcoef) ^ )) 



-<;i' i (cMT -2. y A Xdy^wmm^tiih i . mmic^ 

Or (x.v). Cx.v). jRl^Ot, Cx,v)«, ^£^iV<D 

y«0^&mmmM:V$>K> . rcoef. gcoef, SO'bcoef 
iBIK7'i^5f;i'iilfiS5'i'>^;i'nCx,v)^Sfefitr5:^c«i> 

^-:><0±X<D^mt. V3-C*-S. I^Se^JfC. 

[0112] 
[t5t3 8] 

a„(i) = l/3*sqrt(cy,(i/ + cTg(i) ^ + ab(i) ^ ) 

titor. »aT'i>^-'i'iB^9'-i'>*^i'nCx,v)tc>rtjc&-rs 

[01133 ^S'Jy X<^^|| 1 9 0 •^f'X 
■^n„ . , (x ,y)<D^S U-^JUtcM-r -5 ^ XcD^f .'MiSti 

my -< x^^s 1 9 0 -<^% ^>vm^<D^^ y -< 

x<o^mmmu^ a « (x .v)k:mji3 -e?, vi^r ^ v 

7— :/;l/?:lltfT-2>*\ ±a<Dck 5Cc^ii'Jy -fX^ftS 

•r€>3&^©ti-m*>f ^S'j^-fx^^si 9 ocDtu 

[0114] 

[^39] * 

2 



fiin. 



10 



20 



ii:i^iira*5a„ cn...cx,v))(cj=t-rsfii?r^-r 

-(XT-'-zfJVCOZfUy hB. ai 4M:fcli-C*-5Ci*S 
[0 115] mi4l^fjk-rj:^tj:y^>{X7'--:f)V^^lSi 

ayffefC J; a 1997^6;^ 24B tC^tf 3 nfc*H!^f*® 5, 64 
1,596%. 3?.«SnyderftetC<fc Sl999i^7^13BtC|%ff 3 tl 

•5. 

[0116] S NRttStS 1 8 0 B. ^i'J^ 'CX^S 

1 9 o^^ii>m^^infcy^ x<D^mnmmm:a„ cx, 

ff^tfeaa ^ (x,y)©)?X:^^A;^)-r^„ SNRtt^gl 

<t-%^*-/'fXj:bsNRCx.y)€riis^s {mm^mK im 

tc^H-r-S^tJti^-^X^CiaH-r-S^tJticD^tt <RM 

SN Rites 1 8 0©{±i:^». ■A'>c^<>cm.-z>tc. S-fd7 
•fe;nagro^^s N R©}iSfflt?^>-5. 

[0117] 
[S(4 0] 



SNR(x,3;) = sqrt( ^K (x,y) - <Jt,\x,y) ) / <yu(x,y^ 



W-yoWnn^^^^mic^ {aa ^ Cx,v)-aN * Cx, 
i>Ct^&MStlfc\,\ lE'CtjU.^m-^. <jiSNR(x,y)«. 

[0118] mcD^mcomnyd y :^tt(Dmmi&*mm 
s 1 6 0 (Dimmmmtlim i s fc^s ns. coiijfe^ii 

B. Af-^xt^fljori^siSi^esnT. «*iiiiMcto^ 

^i^S^?=t<Sa (MAD) ©^^pftgil-^^ ^i^Jg>!=t 

OC. -^-rX 4?;Ufi#n„,d (x,y)*^^^2.gW©/cis!)i^ 
^Sl 7 2tc:WO'A;^j3tl-5o •^•rX$;l'{t#n„.,(x, 
y)B. Cx.y)©fii^i^^-r^^S'jy-<Xi?l^Sl 9 



40 



[0 1 1 9 ] f-i'X5^-|.-ft-%nte.(x,y)«. ■ri'xg^ 
MADtf-#S2 0 0tcA;^3n^„ •7-i':;^5^i.-(i#n 

t.x cx,v)0¥^J^ffl*«o-c*5 is^-r-s C ttC J: t.-C. 

^^MADft#ll2 0 0tCj:f3ftffl3tl^«^MAD^ 

[0120] 
[1^4 1 ] 

MADR(x,y) = El ncJx+i ,y+j) \ /49 



ffl-C*^« ^H'fMADH-eS2 0 0». ^BfTSNR®Ji 

[0121] ./'l'X7--:/;Hi^ll2 1 0©SW«. f- 
^x5^-<'-(f#©ftS:-r-2>Nmi (x,v)i. 7">^^?Ji/ili# 
9^+>^;U©it»T^SiSI{i^aB Cx,y)<!:©r^©atC 
50 ?*L-Cli«S:-rSCit?«>.5o -/-fX-f— ^;H)l3Sg2 
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33 

[0122] 
[^4 2] 

MAD =sqrt(2/7c)a 



. 2 



10 



ee^-C. i!iK^-fX7=— «m<lB^<DiSlll (metr • 

tc^fflsn. fi#©¥J^*Jo-t?«>-2>iiss3n-s<!:*{c 

nt.. Cx,v)©f'i^tS?;H1^5^ + >:^;^nCx,v)<!;®M^ 

^'i^mTLfc—mt^tJi (nxm) 7 -I Jl^-l^MLX. 7 

-^©^t5[iCMM#l^$ti-5, CC-C. 1 = -(n-l)/2, -Cn 
-3)/2, •••,rv-V2-C*0. .i = -Cin-l)/2, -Cin-3)/2, - .m 
-l/2r^>-5., 

[0 124] 

[^4 3] 



^DfcOH^f 5n-5>, 40 

[0126] 
[^44] 
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CC-C. i = 0E.-O j = o©B#. fiii-C$) «9 . 

^©fife©«^». {Bo-c^ST^^i/^^M^r-abS. c©^ 
i)tc J: 0 S*> b . -T^e^ -»Hi« 5^ + > 4> JPAi 6 ©ig*^ 

fam-r -s c t {c J: -5 r f- X 5^ -«-^^*R£-r s fui^ 

©*aa=S:#^-r-5. ti£o-C. C©ijiBJ;g:^^f ^ 
-fX5"-r/'iUp|^2 1 Ott. 
J: 0 4> X 5^ + -M-^©^^T -f f 7- ©Jtt^fii 
*#^-r -2. 7 T i7 - J; o T j^S -r X f - :/;l'©S 
<ii?rX'i7--;HbL/i'SWntSi&6J!St^o C©7 7 i'^S?- f 

[0127] 
[ic4 5] 

/= sqrt ( LZ Afij/ ) 

ct «>«jiiiM©^^ h(c*i>©-c. ^»©¥:^is*s 
[0 1 2 8 ] ef-.-c, y^X7'--:f)vm^2\o(om 

-:/;l/©#i> h •;-*X'Jr-;Hb-r^)CiT*D, 
[0 12 9] 
[1^4 6] 

m =/* sqrt ( 2/n) 

^>f-i'X^i'-M#*ffli.»-^cH-3¥tcM^2,li« 

[0 13 0] y'rX5^->^;i/aSSS2 1 0*>6m:^^n 
/c^^iE-' -<Xf"-:/Jl/«, V X*i6^S>JM A D©JS^ 

fiiMADN cx,v)^f#'Sse^©fc«?>- ^S'J-^'1'Xi^si 9 

o«:A;>3<i: Lz-ciisn^, ^S-'J-^-fXi^Sl 9 0«> 

rv.d(x,v)©-en-en©fiiK>Kf-r€)©ffiM^ cx.v)?:^ 
9 o©tii:t;». 7'i^df;naii^5^i'>4^;i'©S{4 
[0 1 3 1 ] lai 3tc^$nfcf<;#ii*fe0i©sNRffi-s 

SI 8 0«. Sf* Lt^SI)fe^©SNRtt»Sl 8 0 i^l 
«fi<]tCpJ-©@:f!l^S/-c-r. S NRit#S 1 8 o©sw 

)vm^ i- > ;i'©-S{iSr-}iS s n/c s n 

R©iii«:m;^-r-2>Cit?*S. C©ie«. SNRttlitS 

1 8 o«, ^^^^ff^-r-So 

[0132] 
[^4 7] 



SNR(x,y) = sqrt(MAI>R(x.y)' - MMh^x,yf ) / MADN(x.y) 



^HffSNR©«l^ffl». ^{ig©r-i'X5^t.-M-^JC*f ^^SNR*i6©ai;tJ, Ry^Hl HC^ry-f^SiSS 
"T'Sig^^cit^^ T ^ i?-©^^?:Dj|iei-r^/cJf{>©. 50 1 3 4'v©A;tJ-C*S, 
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[0 1 3 3 ] sixiTSi, -nlt";^^;!/ • xy; ^?-5 

[0134] :$:^B^«. »^ H,^^m#MCTmaj lO 
i;^ ^ JUS^ ;l/ nCx , v)O^BiT^t5(i+» L -C 

[0 1 ] 0 1 1 Rz/m 1 5 B <b®Mi^-Ccfc «3 mmicum 

'TTi'^A-C*^. 30 

[0 3} ia2Cr)»iS{b7"PH2-;»1f(D||l(D|IS£fi?!l©>^n 

[134] ia2®i^fb7'n-fe-v1f©02©j|JSfi>i|O^O 

[0 5] H3©-~<xX^f;l' • X7">J ^-©lll©lltt 

[05 A] ^2Q^jfe|^^^-r:/a-:'i'^'''fTi^5A-C 
^•So 40 
[05B] ll3©ilig«?!l?:^-r:/C3-;; ^^VTi^^A-C 

[0 6 ] 0 5 ©HiSft-^^S©^ 1 ©IISSf»l©^P 

[07] 06©i5iiafi-^^^siCcfc^-cjaffl3nsT- 

3^7 T HHli8Mfi:©-«ai-cabS. 
[0 8] a3©-^7';<^fJl/#liES©:/Pf i'^^'-f Ti^^ 

[0 9 ] ^^^^^i\^m>mm.(Dmmti>mmw$,^^s 

-TiBl^gPiJ-©— ^■Cab'S, 50 
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[®l 0] ^o*5© h-^x-^-jL-M^©— B«lr'^)-2). 
[011] 03©7^i';^g' + -<giES©*^B^icj;^:?' 

[0 1 2 ] 0 1 1 ©©^S NR«^S©m 1 ©IIJfe«^© 

:/P d7^^^Td^7A-C$>S. 

[013] 01 l©©BfSNR*i^S©ll2©|life0i|© 
:/P -yif^^T^'y^'Vh^, 

[014] y'f;C7"-:/;u*^fi5ETS©K:fiKffi3nSM 
^©yp h0r*^. 

[0 1 5 A] 0 1 l©SNRy'f>^SSK:J:D^3 
i'T^'7*7'-:r;U (LUT) ©r^a hat?«> 

[01 5 B] 01 l©;^5-y^'>?^^g(cj:0«^ffl3 
il-S^l/i; ^Tu/^'f-^Jl' (LUT) <DV'n-j h0-C* 
■5. 

[^f#©SiB«} 

2 iff^l^i^ll:^ 

6 y X7-—-:f)\^ 

1 0 iWBC/d'a 5 :^>J:^ a 

1 1 a ^Sv-O 

1 1 b ^ ^ X7—-y>\^'7^> 

1 1 c d'P >X7-0 

2 0 PISft;r?'P-fe-:.-9- 

3 0 RGB3>^N'-^f 

4 0 i7P5:^>xr7'p-fe ytJ- 

5 0 '^■rX^J^U • X7*U ^ — 
50A f^jg'^f*^^;!/ • x:/y •> i?- 
50B • x:/>J ^J- 
5 1 

5 3 mn^ 

6 0 '^f'X ^}\y^sE& 

7 0 T-d'Xg^i'-^ftiES 

8 0 

8 1 mmrn^ 

9 0 T^i'xg^f-m^^s 

9 4 Jg^lfe;^^''; 

100 -^T^XrJf^U^S 

1 0 4 |5iafi#l6iS 

1 0 6 ^iBtt@g 

108 T-^y r ^ h^m'SSm.TV'Vir-ii 

1 1 0 A:^4i*fi7 42Jl/ 

1 1 2 «3fM^ 

1 1 4 ^Hfi^-fe;!/ 

1 1 6 ^Bff©Eti-fii^«ll 

118 X>r->;>yM^fi£S 

120 ;^dr-t;>d/Ml^fiiS 

12 2 ^- y > i^'Mife^ljSS 

124 h->Xi5--;UT:7"'J<;r-^r 

1 2 6 h->X>r-;l.M^^^^ 

128 jl!h->;^->--y>i^Mt5[T7'y 
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130 h->;^-5^-;UM^ 

134 SNRy'f>-^SS 

135 iJ^—^-^^mMS 

136 y-i;:^^^-:/-:^^^ 
160 «BlfSNR^5ES 

1 7 0 «ff^«itt#m 
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* 1 7 2 M»S 

18 0 S N Rit»^ 

190 ^iS'J^-YX^^S 

20 0 «^MADit#S 

2 1 0 y-(:KT-:f}H 



mi] 



[139] 



mm 




/»2 
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